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2.Abstract (C&#linued I

extended sources are observed \ 'ithin 5of the galactic plane, the majority
of which are associated with 1-111 regions. About 25 percent of these sources
are not in tkie AFGL catalog. A large scalediffuse emission is centered on
the galactic plane at lonigitudes less than 90" from the galactic center. The
11 to 2O-4Ai color ratio (if this emission is distinctly smaller in the direction
of the Pers extaial arm and the Sagittarius -Carina spiral than closer to
the center4 < 65) Most of this background is probably oue to thermal
radiation from Till regions along the line of sight. Inter ior to 64 the
4-pin measurements can be understood in terms: if the 2. 4-D ballomi-borne
survey observation and interpreting the background at both wavelengths as
being due to late type stars. The 20-4a >values over these longitudes are
probably due to 1111 regioms. Additional 11 -jJ1.out-cics -a rt required to
explain the measured values. Appendices A, 13, and D) present higher
resolut ion data than previouA ' 1iscussed and, fir I1 h longitude regions
which contain diffuse backoroutid, intensity grids %Nith entries everY 0.'1 ;n
latitudie and longitude.
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Preface

The intensities given in the text are based upon point source calibrations.

After this report was completed, the calibration was reexamined. Electrical and

optical crosstalk between detectors in the array was found to be of about 6 percent

for the individual phenomenon. Further, a low level response on the order of

1 to 3 percent was measured off the detector by the sensor manufacturer. Although

these effects are 'calibrated out" of the point source photometry, they will produce

an erroneously high measurement oin extended sources; the behavior is analogous

to increasing the effective field of view for each detector. All the intensity values

in this report should be multiplied by 0. 7 to correct for these effects.
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An Infrared Survey of the Diffuse
Emission Within 50 of the Galactic Plane

1. INTRODUCTION

About 90 percent of the celestial sphere was surveyed to moderate flux levels

in broad spectral bands centered at 11 and 19. 8 Mm on a series of rocket probe

borne experiments flown in the early 1970's by the Air Force Geophysics Labora-

tory (AFGI.). Smaller areas were also covered at 4.2 Mm (78 percent of the sky)

and 27. 4 in (34 percent). Initial results of this survey have been published in
1 2 3

catalog form by Walker and Price, Price and Walker, and Price. These

source lists were generated from reduction routines which incorporated matched

filters designed specifically for the detection and photometry of point sources.
4.

The survey data have been reprocessed by the methods outlined by Price, in
order to extract information on extended sources. Preliminary results on the

11 and 20-pm diffuse emission from the galactic plane for the region I < 300 were

presented by Price. 5 In this article, the measurements presented extend the

preliminary results to other colors and cover most of the longitude region between

00 < I < 320 ° . The general results from these observations are: (I) The in-

plane brightness variation with respect to longitude at 4.2, 11, and 19.8 pm is

qualitatively similar to that found at 2. 4 tpm, the far infrared, and for other

(Received for publication 5 June 1980)

Because of the large number of references cited above, they will not be listed here.
See References, page 69.
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tracers of galactic structure; (2) between 50 < I < 300 the 4. 2 um emission is

relatively smooth and roughly constant with a full width at half maximum of 4 to 5 0

and in-plane radiance of about 2. 0 X 10-1 W cm -2M -l -lhsi cnitn

with the diffuse 2. 4 Mm observations and the interpretation that emission at both

wavelengths are due to N1 giants (T -2500 0 K); (3) the 11 and 19. 8 p in di ff use
e

emission is at least an order of magnitude larger than anticipated either from the

2.4 pin observations or those made in the far infrared; and (4) considerable struc-

ture is observed at 11 and 20 Mmn due to li-ll regions. The Hill regions are meas-

ured to be larger, than the 3 by 10 arc min beam size and are comparable to the

sizes measured at radio frequencies.

2. INS'IRUMENTATION

In 'IldU't ri a Ir'wket -baed -c"r', one 1a 4es that thle sensit ivity areal

vratrslnatt jal a11d specti-lal resrilut ion must be traded otff ag;ainst the conlstraints

iminposed byN ii hrroket wo'tarwe, the data a)crul'r)' N requirements, and data

tfartlsmli,-Sson rafte rr'strnet ioms. The telescope Collecting aiperture and observation

timle are limited bY size alnd tiniss or thle hardware which may be flow n. The

,aver'age isi set b)Y the available kobset-vat i(,l timie and scan rate which is, inl turn.

a tunct ion of the des ired sens it ivitN, hel( detector width, and telem et cv data rate

limlits.

The survex instruments used For, the AIGI. in Frared survey experiments w\ere

f no'de"St Size, with apertures oF It6. :1-cm diatmeter r, and w cighing less than

20 kg!. The requ iremntets for, a fast, cam pact system'i with a, lairge, relat ively flat,

field if nvb \\ orer met bY using a fou c-nii rror, folded Grcegorian opt ical design

with re i aaging. Trhe interntal stops and ba ffles perm itted by -et ataging anad folding

the "pt ic~rl pathl w ere used to reduce self-ettissiot fromn the telescope anid, along

.withl a harfle atnd inner adialtionl shield enclosiag the opt irs, to, minimizey the side

IJhe r'esl ase oif thle telescope.

Tb roe 8-element, 1 icar, St a ggercd a rrlays (if det ectors, each at rav filtered

Fra rlifferent Spl-t cal leinwre miounted alt the fica plattec of thle telescope.

The schtemat ic lay).out of the arralys losed fot, thte first Seven experitments is shown

inl 1 igo to 1. Thelse arrays Used d ,pod gertmanium detect ors w tt h an actilye area

F 10. 5 .v y. .351 arc mti nut es (P 1< 10i; s r) and center to center sparing for, adjacent

elennents of 8. 8 airc min utes . These an rays were fiterdfor effective w avelengthls

'Fr 4. 2, 11. 0 2t1d 19. 1t lTnt. Driped silion ot 1I ts wore (OliploIOd Fot. the( Last twVo

Flights roId thle rlrteril widths increalsed tII 5 arc( mlin (4. 3 \ 10- GSi field orf view);

thre 4. 2 pan cr1111 was replarced by oil(, rentered at 27. 4 pin. Thti' system parameters

the Il, two~ s('s If filltv -det ectlit. rolltiblitat ollS, are glverr rll 'Iable 1.

10



0,30 030"
.' 020"
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TO BE L..J -

(.975 MILLIPAD fx3.05 MILLIRVO)I

INTER-ELEMENT U L
AND INTER-ARRAY .430"

SPACING TO BE U(21M( 2 ILIRAD)

8 ,e 3-5. 16-22,,,
ARRAY ARRAY ARRAY

Figure 1. Configuration of the Focal Plane Arrays

Table 1. Survey System Parameters Effective Wavelength, Bandwidth,
and Instantaneous Field of View

Northern Experiments Southern Experiments

(olor X e (p m) X (pm) X (Pl) .X (pn)

4 4. 16 1.5

11 11.00 5, 14 11. 11 5.67

20 19. 10 5. 59 19. 1; _. 99

27 27. 43 .44

Field 10. - by 3. 35 mm 10. by 5 :rc mlil

3 0 -
1 si. 4.. x 10-'' s r

View
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As seen in Figure 2, tile focal plane assembly and optics are conductively

cooled from a supercritical helium reservoir. The temperatures of al! the optical

components, baffles and stops which may be seen by a detector are cold enough to

eliminate thermal background as a limiting factor in the detectors performance.

The entire system is enclosed in a vacuum housing.

IFigure 2. Cross-Section Schematic of the Infrared Survey Telescope

The signal processing electronics amplified and shaped the signal to optimize

the signal-to-noise for the design scan rate of 37. 5 degrees per second. The

detector-preamplifier output was AC coupled to the first stage of amplification in

order to eliminate DC drifts and offset problems common to extrinsic photocon-

ductions. A high frequency boost in the first amplifier stage compensated for the

"f behavi(r in detec otr responsivity due to the coupling of the load resistor and

stray capacitance of the preamplifier. Am ther hi gh-pass filter, placed between

the two, stages of amplification, reduced scan noise and the 1 r transistow noise

from, previous components. l,'inally, the last amplifier stage inc,rporated a l,,w -

pass filter to attenut te r oise at the high frequency hIier there is relatively little

signal power.

The resultina ,,er-all deterti r (0arp1ifie r'amplifier frequency resp,,ise

wv as relatively flat in the electronic andpass. falling at the rate of 18 d13 per

(,'ave at the hih frequencies and 12 dI per otave at the Ion frequencies. The

hailf-trwe,' chir acteristics frequency for tihe low% pass filtering was set at the

irv'se ,f tO ice the dwell tir 4c i point source scanned at 37. 5 degrees per' see-

(rmd. The hallf-power frequec .I' F the Iigh-pass filtering was ch,,senl as hoxm as

f frequencY

12



consistent with dynamic range considerations, in order to include as much of the

low frequency information as possible from extended sources in the bandpass.

The high-pass filter produced ringing in the signal output, the negative portions of

which were preserved by biasing the "zero" volt output of the signal processing

electronics to a positive value.

2.2 Payload

The rocket payload provided the observing platform for the telescope during

the survey. The payload, shown schematically in Figure 3, was divided into four

major sections: a sensor housing, a section containing the support instrumentation

and telemetry, one for the attitude control system (ACS) and pneumatics, and a

recovery section.

% c)

15 m deo.

154.6 n - _,

Figure 3. Schematic of the Rocket Payload Used for the Infrared Survey

A rigid, single piece, magnesium alloy casting was used for the telescope

housing and aspect platform. This casting provided the stability required to main-

tain geometric alignment between the star tracker, star mapper, and infrared

telescope. The star tracker defined the roll axis of the experiment and actively

held this axis fixed in inertial space. Prior to flight, the optical axis of the

tracker was accurately coaligned with the geometric longitudinal axis of the pay-

load. The in-flight configuration of the payload was then dynamically balanced to

bring the longitudinal principal moment of inertial into near coincidence with the

geometrically defined roll axis. The azimuthal reference was defined by a star

13



mapper, which consisted of a, small telescope with a "N" slit focal plane mask and

a Vabry field lens to image the objective onto an S-1i photomultiplier tube. Azi-

muthal information was obtained f'rom the detections of stellar transits across the

recticle. The infrared telescope was mounted in a one-axis gimbal with the deploy-

mient axis orthogonal to those defined by the star mapper and tracker. Conse-

quently, the deployment plane of the telescope contained the azimuth reference.

In this configuration, a payload "alt-azimuth" coordinate was established with the

star tracker coaligned to the rotation axes, the star mapper supplying the azimuth

reference and the telescope deployment giving the "altitude."

Price et al detail the procedures used to align accurately and calibrate geo-

metrically the three instruments in the payload and the methods used to process

the in-flight measurements, in order to obtain the desired arc minute accuracy in

pointing knowledge.

File support instr umentation section contained the hardware necessary to run

the experiment and transmit the data to the ground. The A('S used a roll stabilized

platform with position and rate readouts in the pitch, yaw and roll axes to control

the various maneuvers required of the payload during flight. More accurate posi-

tion and control was obtained in pitch and yaw from the star tracker during the

experiment. A nonreactive, cold helium gas pneumatic system was employed for

maneuvering.

The payload was designed so that all surfaces exposed during the experiment

could be easily cleaned. The volumes which for practical reasons could not be

cleaned, for example, the gimbal housing and the sections containing the elec-

tronics were sealed and vented through absolute filters during tile flight. Also,

tle clean payload was separated from the rocket sustainer prior to each experi-

ment. Price, ('unniff and Walker 7 describe the problems posed by particulate

contamination fotr a space borne infrared sensor and the procedures used at AFGI.

to reduce and control this contamination.

3. TIlE EXPERIMENT

3.1 Exlprimnent Profile

All experiments were conductcd essentially in the same manner. The paycload

was lifted above the atmosphere by a spin stabilized, Nike boosted, liquid fueled

G. Price, S. D., Akerstrom, D.S., ('unniff, C. V., larcotte, I.. P. , Tandy,
P. ('., and Walker, 1.G. (1978) Aspect Determination for the AFGI.
Infrared ('elestial Survey Experiments, AVGi,-TPI-78-0253, AD A067 017.

7. Price, S.D., ('unniff, C'.V., and Walker, I.G. (1978) Cleanliness
Consider:, t ions for the AFGI, Infrared C'elestial Survey lxpe .riments,
AFGL-Tft-78-0171, A) AO60 Ill;.
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Aerobee rocket. Shortly after powered flight, the noise cone and the doors to the

statr mapper and telescope housing were ejected since the residual aerodynamic

drag, and centrifugal force fromi the spin could sweep these items below and away

from thle vehicle. The vehicle was desputi and separated from the rocket motor as

soon as the aerodynamic forces were reduced to a level at which the separated

payload was stable and controllable by the AC'S.

After the ACS captured control of the payload attitude, the longitudinal axis

and, consequently, the star tracker's optical axis were maneuvered to a pro-

grammned set of inertial coordinates corresponding to the celestial position of a

bright star-. Thie statrs and launch t intes were chosen so that the poles of rotation

were near 'ocal zenith and meridian transit. Once star presence was sensed by

thet star tracker, control of the pitch and yaw jets was transferred from the posi -

tion gy roscopes to the tracker. 'rhle error signals from the tracker were used by

the AC'S ito null precisely thle tr-ickers optical axis, and hence the payload roll

axis to the star, maintaining this reference under roll maneuvering throughout thle

flight.

The infrared telescope was then deployed and the payload spun up about the

roll zixis to genrerate the survey scan. The survey scanning geomiet rv is shown in

Vligrute 4. The payload rot ates at a toll rate, w,, about a pole of rotation derined

b.-, thet celestial c'oordinates, aIl, 6 1, of the star near local zenith (Z) to w-,hich the

star t racker is locked. Thei field of view of the telescope swept along a small

cicl e cenite red on tile pole star at a zenith angle Wz, set by the telescope deploy -

incur. A fte cc te ('00pleitt u of va('h 3 60" roll mnaneuve r, tire sensor was stepped

1., sI i~t lv less th:11 the 11.12 total cross scan field of view of the telescope.

Thrtee roll1 rate cha-nvies were p rogramtmted to c'lopensate for the secant z distor -

ion inherent in this scanning geoni't ry and to maintain roughly-\ a constant effective

linear scan rate t hroughout the( expe rinment.

The telesc p~e was sto\Ned and rapped at the end of' the expercimrent and payload

VpC0Ve red; thle equi prment %%as re furbi shed and flown again. The first seven flights

%%ere tcconducted fr' in the Whbit e Sands liss ile Range, New M~exico (32. 5 N. latitude).

'irtclthe t:ist t%%ll frori W-('ou'ra, A s ai 1)

3.2 The niirlt'% Ihit

1Wll~iep CJCtileot pr'ICl'b ,(-veral dbigit al data tapes ('ortainiLg Hip surveY

(1:ita. Hose-;( t ~i)(5 Is -, re (ieI 1t'd in tl' follow ing 1anne11r. 'I'llw amnplifier voltage

'a' puts Ill 11 each I 1' the( 24 de(tec'to(r c'hannel s were sa ni pled, rnotlt i plex('d, and

diii.dinto 10-bit hitoarlv %%rds by a putlse codle modulat il in ( PC'S) encolder. The

gnp il airrs were des itned for a prea-,niph fier tlitmited root -mealn-square ( bHIS)

!151'u value aprlint eIqual to, thep digitilizatilln level. 'I'he( resulting dynamidc

-- - ---- A - U
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Figure 4. The Survey Scan Geometry. The local
zenith is at Z and celestial pole at P. The star tracker
is locked to a star near local zenith which has celes-
tial coordinates al and 61. The payload is spun at an
angular velocity L, with the telescope deployed to var-
ious zenith angles, z

range is about 600 as the quiescent levels of the amplifiers were biased to about

40 percent of full scale to preserve the negative signal excursions due to high-pass

filtering.

The PCM encoder formatted the data into a serial steam of thirty 10-bit words

which included the 24 infrared detector channel outputs, the star mapper data, and

diagnostic and status information on the telescope, payload and ACS. The sample

ratc was high enough to give 4.25 data values during the transit of a point source

across a detector. This meant that with the 18 dB per octave low-pass filter in

the signal electronics, less than 0. 2 percent of the noise power was aliased due to

tire sampling.

The PCAI data were telemetered to the ground during the flight and recorded

,n a high-speed analog tape along with a locally generated time code. These

tapes were subsequently decoded and reformatted into th raw digital data tapes.

Examples of the raw digital data from the first experiment are shown in

Figures 5, 6, and 7, demonstrating the diverse nature of tle output. Except

I'
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Figure 5. Example of a Po int Source Signature. The output of the star RT Vir
is shown in the seventh group of' detectors in the middle of the figure. Each
group of outputs correspond to the three colors in a given row of detectors, the
11ii channel is at top, 4 "m in the middle aLd 20 um at the bottom of the
group. The groups are arranged in increasing zenith angle from top to bottom.
The 4-n detector in the eighith row, number 16;, was anomalously noisy and is
deleted

for number 16i, the uncalibrated ojatputs of the channels are plotted is a function off

the azimuth o>f the center line of the focal plane. The azimuthal offsets of the

detector, elements in the array produce a staggered signal from a source transit.

The data are ordered into eight groups of three outputs. E:ach group displays

the inf'ormation fr'om a row off detectors with the top row or" the array (smallest

zenith angle) at the top of the figure. Further, the outputs are arranged within a

group in order of a source transit, the ll-Mm channel at top, 4. 2 pni in the middle

and 19. 8 pm at the berttom (see Figure 3). The tick marks (in the amplitude axis

denote the quiescent, or bias, level e-f each detector.

A point sourre signature, due to a stellar transit, appears in the seventh row

of detectors in the middle of Figure 5. The star is the semiregular variable

17
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Figure ;. Extended Source Signature. The radio source W40 (Westerhout) is
shown in the center of the figure on the top three rows of detectors. The width
of the source is evident both in Scan and cross scan. Arrangement of the out-
put display is the same as for Figure 5

T Vir, spectral type A18. Since the relative 11 and 20 pim responses are roughly

equal and about five times that at 4 pm, the source is seen to be comparatively

warm (T e - 10 3 0K) from the relative signal amplitude in the different colors. The

c,,l extended source W40 (Westerhout) 8 is shown on the top three r(,ws of Figure

Hbre the absence of significant 4. 2 Im signal and the relative amplitudes in the

11 and 19. 8 o m colors, indicate that this is a cool (T c 220° K) object. The sI 'lrcec
,xt ends over half the 1. 2" cross scan field of the focal plane aind the signatures

From the individual detectors are noticeably wider than that due to a point source.
These fact Is It test to the, signi ficant angular extent of this object.

Figure 7 shows several phenomena. The cold 100 Aim s,( I, IflE'i. 49) (frm

tihe list (If loffmnan, Frederick and Fi' ,ry-), is Seen (In cow ,te. The abse.ne (of

8. West erhout, G. (19519) A Survey (If the (Continuous ladiation 'rom the GalactWic
System ,,F a Fr-qency ("Io 1390 Alc s, Bull. Astron. Noth. 14:215.

f9. 11,,mann, W. I. , Frederick, U. 1., and Emery, 1.J. (1971) 100-Micron
Survey of the Galar i I'l n., Asl rophys. J. (Letters) 170:1.89.
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Fi ure 7. Impulse Hesponse. An impulse response of the system due to a cos-
mic ray is seen on channel .5 with the attendant crosstalk on channel six. Source
number 49 of V Iffmann, Frederick and Emery appears on channels 1 and 17.
[he cr(,ssing ,f the galactic plane is centered on the figure

4. 2-L m emissi ,n and the relative II and 1!. 8- ri amplitudes again indicate the low

tempera-ture ,f the sl,urce, and the signature width reveals the source to be ex-

tended with lel; 'ct f, the 3. '1 aric Imlin in sc,,n extnt It, the, detector. Barely

visible n the ll- li channels (ntunbers 1 t, 8) is the emission from the galactic

plane which may be seen as a wide, (-- I") positiye excursion whose peak runs diag-

,nallv acr,,ss th, fig, ci' fI 1n)1 an azimuth olf ahout 134. 5(' for channel 1 tol about

13";." 1r channel 8i. Tracking the. peak is the brolad, shallow negative signal pro-

diir,,d hv the high-pziss filterin If the electronics. The large pulse in the center

,,I itmure 7 is due h, a c,',smc rav event to which the detector crystals were sensi-

t we,. 'lhI. en.rv dip,1sit i,,n intlo thei detector (lement b the event is so fast that it

,:, 1. b,( I'si r ored ;Is :a de'ltt function wilh the resultinu signature characteristic 1f

th,. 1r1,uisi r.s ,,ns, r h s ste-;tem. This pulse is signiFicantly shiirter and with a

I 9



faster rise time than that due to a point source transit. The negative signal excur-

sion due to the high-pass filter is clearly evident, amounting to about 8 to 12 per-

cent of the peak value. The concurrent pulse in row 6 is due to electronic cross

talk which was typically about 5 percent between adjacent channels.

These figures are ordered in time during the experiment. A general increase

in noise level is evident in Figure 7 as compared to Figures 5 and 6. As the

experiment progressed, the telescope was stepped closer to the horizon of the
earth, which resulted in an increasing detector background from the earth shine

through the side lobe response of the optical system. The noise varies as the

square root of the increase in this background, producing a time, or more accu-

rately deployment, dependence in the noise level.

On the nine flights, over 100, 000 square degrees of sky was scanned. For
eight of these experiments, the galactic plane was crossed twice per roll and these
crossings were processed for measurement of the diffuse infrared emission. Over

8, 000 scans were examined; of these, the data from one experiment was dominated

by extraneous factors, appearing as correlated noise; these measurements were

deleted from further consideration. The remaining scans covered over three
quarters of the galactic plane; these data are presented in this report.

4. DATA REDUCTION

The experiments were designed to maintain approximately the same constant
effective linear scan rate on all rolls for all flights. Consequently, with the survey

geometry, the transit time across a latitude band centered on the galactic equator

will be a function of the galactic latitude of the pole star and, to a smaller degree,

the deployment angle of the telescope. The minimum transit time across the

galactic plane would be produced by a pole star in the plane. This situation results
in the highest spatial frequencies due to the diffuse emission from the plane and

minimum attenuation of the signal by the high-pass filter. Such is the case in

Figure 8, which depicts the uncalibrated outputs of the eight 11-m channels as they

were scanned across the galactic plane at a longitude of about 300 with a Lyr,
b - 190 , for the pole star. The broad signal centered on the plane is quite evident.

On the other hand, the transit time across the plane in Figure 7 was about twice as

long and suffered over twice the attenuation than shown In the data in Figure 8.
Thus, it is evident that the extended source information is in the data, and remains
to be extracted by adequately compensating for the attenuation due to the high-pass

filter.

Extensive use of Fourier, Laplace and z-transforms and their application to
signal processing is made in the following description of the data processing

20
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Figu.re 8. 1 neompensated (utput for a Galactic Plane Crossing. The longitude
,'f the depicted region is about :300, AB Aql is the peak at b - 0) on channel one;
%V40 (Wester'himt) is detected mn channels I thr rugh 3 at 1 - 3.)5

10

techniques used to extrcact the extended source signals. 13racewell tgives a good

gent cral discussion (if these transforms, their inter relations and the application of

the l.a)lace transforms to electrical circuits. An excellent presentation of z-

transforms and their applicability to filter design and signal processing may be
11

found in ()lppenheini and Schafer.

The detecti r-prearplifier channel electronics described in Section 2 produces

an toutput voltage, VOt), due to a time varying irradiance, W(t), caused by the

sensor' scan and modified by the system transfer function. Mathematically, V (t)

and W(t) are related through the system transfer funtion by

10. Bracewell, 11. (19(;5) The Fourier Transform and Its Application, McGraw-
tHill, Inc. , New Y i-k.

11. ()ppenheim, A. V., and Schafer, Hl. WV. (1975) Digital Signal Processing,
Prentice Hall, Inc. , Englewood Cliffs, N.J.
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SW 3 W4 G (1)o v (s + WlI )s + w 2 ) (s + W3 )2 (s + 4 )

where 1. and I.- are the direct and inverse Laplace transforms; Rv the detector
responsivity measured across the load resistor; s is the complex Laplacian fre-

quency variable and the w.'s the characteristic angular frequencies of the various

filter stages. The filters were resistor-capacitor networks which have an

i I.RC - 2lrf with resistor, R, capacitor, C, and a half power (3 dB) frequency,

f in hertz; G is the total system gain.
The transfer function in Eq. (1) assumes that the 1/f variation in detector re-

sponse is exactly compensated by the high frequency gain in the first amplification9
stage. The first term in the transfer function, s'.'(s + w)(s + W2), arises from

the 12 d13 pet- octave high pass filter (second order zero). The last term,
9 9

w3 4 (s + W3)-(s + (4), is the 18 d1 per octave low-pass filter (third order pole).

Compensating for the high-pass filtering is straightforward. The Laplace

transform of the output voltage is divided by the high-pass filter terms. Specif-

ica llV

2
11(s) (2)

(s + tI)(s + ,22

The inverse of 1l(s) is defined as

(s + W1 )(s + W,)
(S - 2 (3a)

The magnitude response if this inverse filter function is given in the Fourier do-

main as

S 2 1"2
S (f2 4 f)(f'" r.)]

(f) 1 (3b)
f.-

N ,. mul iplying hot Ii idf's o f the Laplace t rans form of EHq. (1) by the inverse high -

piss filter isiven in l:q. (3a), one gets

223 46
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Unfortunately, V(t) is not analytic and the evaluation of its Laplace transform0!
is cumbersome. Further, the data are not continuous but sampled and digitized.

Thus, a digital equivalent to the operation in Eq. (4) is needed.
The one-sided z-transform, V(z), of a sequence {vn} is defined by a polyno-

mial in the complex variable z as

0o

V(z) - I Vn 
z n

n=o

where v(n) is the sampled sequence of output voltages which begins at n = o. The

digital equivalent of the inverse filter in Eq. (3a) is obtained from the bilinear

transformation which applies the substitution

2 1-z
S . T -1 T = sample interval time

1+z

and distorts the analog angular frequency, La by

-i wa T a

Q~ = 2 tan- T

The bilinear transformation was used in preference to ()thers as it is free from

aliasing and produces a stable digital filter from a stable analog equivalent.

With these substitutions, the digital equivalent to Eq. (3a) is

( - l)(l - 3Z (5)[{ l7 (I g- - 1

(2 + Qi)(2 + 0}.)

2 - 2 - ,

0 -2

"1

J-- • - .i ---- l*-- -. r =1 " ° -



The digital equivalent to Eq. (4) is

-1 3
H- (z)V(z) W(z)R G'(l + z )3

Q - z)2(1 - 1Za

g (1 - az l)( z -1) 0 -n (6b)

( -2 Vn
n=o

where W(z) is the discrete, sampled values of the radiance.

Applying the inverse filter, Hl I(z), to the raw output, one notes that this pro-

duces the discrete time sequence of the background irradiance modified by the low

pass electronic filter. Thus, at least mathematically, the low frequency content

of the background is restored. Practically, there are inherent difficulties in using

the inverse filter.

As may be seen from Eq. (3b), the inverse filter has infinite gain at zero

hertz and restoration at this frequency produces an indeterminate result. Conse-

quently, the constant or DC component of the background is permanently lost.

Further, the very large gain of the inverse filter at low frequencies will consider-

ably enhance the I/f detector and electronic noise, creating problems in the sta-

bility of restoring long sections of data and making the signal-to-noise of the ob-

servation a function of frequency content of the raw signal as well as intensity

(of the source. Another way of interpreting this is that scanning a given area of the

galactic plane with an experiment which has a pole star in the plane produces a

better quality restoration than a pole star of high galactic latitude. Further, the

stability difficulties are solved by limiting the restoration to only those sections of

data containing the source of interest, such as the galactic plane, and adopting a

value (of the DC or background level external to the boundaries assumed for the

source. Departures of the data from the assumed constant background are then

taken as baseline variations which are to be corrected.

The digital filtering in 1-q. (uib) may also be expressed as a recursive relation

Yn - 9 (Vn " (a 4- I)Vn-1 + (YiVn-2) 2 n-I - Yn-2 (7)

with [ynI as the output sequence. In this case the z-transform has advantage over

the discrete fast Fourier transform in that the data manipulation is more compact,

as it depends only (on two previous output values and a weighted second difference

oif the input; this is a simple operation with limited storage requirements and no

assumption of periodicity.
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The values of a and ,3 were determined by a systems identification analysis on

selected sections of the data. Initial estimates of a and 3 were obtained from the

circuit components and used to rectify a signal by means of Eq. (7), with the

result being compared to a model. Alpha and J3 were iteratively adjusted by the

method of steepest descent until the sum square difference between the rectified

signal and model was minimized. Correct values of a and 13 would produce an out-

put rot a rectified impulse which retilrned to zero level, with no ringing, after an

interval specified by the time constants of the low-pass filter. The adopted model

was, thus, a zero level after a specified time from the beginning of the pulse. The

rectified pulses consisted of a number of cosmic ray impulses plus a few large

amplitude stellar signals. Simultaneous sum square minima were required between

all the pulses and the model.

The next problem in the low frequency restoration was presented by the initial

conditions. To illustrate, Figures 9, 10, and 11 show the raw and rectified output

for two 11 -um and one 20-rn channels, respectively, as they scanned roughly along

the galactic plane. While the reference, or zero level of the restored data in

Figures 9b and 10b are reasonable and stable, that in Figure llb is obviously not.

The undulating baseline in Figure llb is due, in part, to the low frequency noise

and to errors in assuming that the initial values of the data are zero. An error

either in the assumed bias level of the input data or the input and output values

previous to the first data point will result in a parabolic deviation of the baseline

due to the double integration in Eq. (7),

These trinds and the low-frequency noise may be handled if it is assumed that

the extended source ,f interest is entirely contained in the restored data segment

and the unwanted variations represent baseline drifts of reasonably low order poly-

noniial trends. In this case, differenring the rectified data produces an output that

averages to icro for the, sourc'e i interest and a constant indicative of the linear

trend in the baseline. Account (if higher order trends is obtained by averaging the

second, ,hird or higher differences. I,',r the galactic plane crossings, a third

,rwdir alvyntioal was fmnd to fit the, maiority of the baselines. Specifically,

corrected second diffeiences (of the rectified signal were derived 1) integrating the

third differences minuis their averaage. An average of the twice differenred data

,kas fo and, subtrarted fi' n- these data and the result numerically integrated to

pruce a corecterl single di ff renced output. The c orrected single differenced

vailu-s : e ,, in tuirn, averaved, the average subtracted, and the result tritegrated.

The final constant oF inte ration is taken as the average of thre values external to

the so i 1e li its.

In general, the extent o f the, galactic plane was taken to be t5 latitude for the

4.2-im channels atnd t:3" fro the 11, li. 8 and 27.4 ini outputs in fitting the base'-

lir. TI,' 11 and 1). d -pur limits in the ('Mvinous N c plex (, o rission regions

2-,
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Figure 9a. Uncomp nsated 11-Mm data for an 11-pm Scan Along
the Galactic Plane

Figure 9b. Rectified output for the Data in Figure Oa. Baseline
corrections have not been made
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Figure 10a. Unromnensated Data for the ll--gm Channel Adjacent
to that in Figure 9a
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Fiure lob. Rrtified (utput fr,,m the Data in Figure lOa. Base-
line cdrrecti,ms have not been made
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Figure la. Uncompensated 2f-rm Output for a Scan Along the

Galactic Plane
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were extended to -4", +5o latitude. The restored scans were examined after base-

line corrections and all channels with uncompensated signal saturation, telemetry

dropouts, and associated nonlinear effects in the raw data stream eliminated from

further consideration.

Another baseline fitting was done in an attempt to eliminate possible higher

order variations. An initial baseline consisting of the data outside the source limits

and a linear interpolation interior to the limit values is assumed. The Fourier

transform of these values are apodized with a Blackman windowing function I and

the inverse transform of the result taken as the updated baseline. The original

data external to the source limits are substituted into the updated baseline and the

result transformed, apodized, and the inverse taken. This procedure is repeated

until the sum square difference between the updated baseline and the original value

outside the source limits fall within a goodness of fit criterion. The baseline

interior to the source limits should be driven to assume the same trends and fre-

quency characteristics of the values outside these limits by this procedure.

The baseline trends are necessarily of fairly low frequency compared to the

source signal in order for them to be separated from the sour'e. Consequently,

the actual baseline determination was performed on rectified data which were

docimated after being smoothed with a moving average filter. The differencing

interval for the first baseline fit was taken to be roughly the half-width of the

source signal. The final baseline was interpolated to the original sampling fre-

quency, then subtracted from the rectified data in order to establish the zero refer-

once level. An example of rectified scans after baseline co rrect ions is given in

Figure 12 which shows the data taken from Figure 8 after restoration with the

recursive operation of Eq. (7) and the baseline corrections.

The next step is to apply the photometric ralibration to the rstored data. The

calibration of the survey photmet i, on each detector has been described in detail

by Price and Walker. 12 The salient points from this article are: (1) The stars

observed duringf the survey were the priniary (alibratilm sour'es; (2) the instru-

ments were remarkablv stable under, different background conditions and (ver a

two-year peri,)d; and (3) the relative responses of the detectors in a color band

frm extended phenomena were in g,,od agreement with the relative values obtained

frm the point sources.

The point su rc'e amplitudes used in the calibration were obtained from a

cross co rrelatin, with a nu del pulse and were equivalent to the peak-to-peak value

of the source signature. Nunierically, these values are the samer as the zero to

peak amplitudes for rectit'ied signals, which implies that the stellar calibrations

12. Price, S.D., and Walker, R.G. (1978) Calibration of the HiStar Sensors,
AFGI,-TR-78-0172, AD AO(;1 020.
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Figure 12. Rectified 1int~ Scans Across the Galactic Plane. The data front Fig-
ure 8 has been rectified and baseline trends subtracted

are applicable to the extended sourcec data. The relative cal ibrat io obtaoined by

P'rice and Walker 12from rectijfiedl extended sou rce measurcements, scale to within

a maximum difference of 25a to 30 percent () the stellar calibration. Since point

s( mCcc response varcied over- thle surface ora detector, the relati ve responses ob-

t ained front the ext ended sources were adopt ed. The re lati ve t - were ave raged

in each colorr then scaled to 0. 85 of the average in each respective coloc obtained

fromi the caIlibration uising the stars. This scale fact or is the size of the discep-

ancY f wind between the su rvey mragni tudes and those rrmeasu red fro m the around on
reas nobly, st able stars. Plirice and Walker , 12Chrz. 0t al 1:3 i uy

C ,snc II ad Wi liner 14found that in general thie A IC I magnitudes we re 0. 1 and 0. 2

magfnitudcs briVIhter than measured fromi tire, ground. Tlie relative calibration

13. Cerhz, 1H. D., lLack%%ell, J.A., and Cr;isrl~iler, G. L . (1979) linria redi studies
,,fAVGI. Sour-ces. AFGl,-T1- 79-0274 * AD A08t4 71:3.

14. ltudvN. t. J., C snevlI, T. R. , and Vi liar, S. 11. (1979) CGround Based Meas -
urerirents of Sources in the Al-ClInfrared Skv survey, Al- .- TH-79-0172,

3i0



derived from extended source measurements exhibited an internal consistency of

10 to 15 percent, whereas the scatter in the survey stellar measurements was
12

found to be 30 to 50 percent by Price and Walker.

The extrinsic photoconductive detectors used for these experiments are subject

to a variety of nonlinear effects associated with high background photon flux.

Sayre et al15 observed a marked variation in spectral responsivity for a Si:As
detector operated under a high background by masking the photosensitive area with

apertures of various areas and geometry. Arrington and Eisenmann 1 6 , 17 found

a background dependence for the responsivities of the focal plane arrays used on

the southern hemisphere experiments. Also, dielectric relaxation effects can

produce an enhancement of low frequency response. The photor background

incident on the detectors appears to be the dominant influence on all these effects.

These nonlinearities are incorporated in the over-all calibration errors. The

effects of geometry of the detector illumination should be negligible as all the focal

planes used had an aperture mask over the detectors, which shaded the contacts.

If the efforts noted by Sayre et at15 apply to these focal planes, then source geom-

ctry would have small secondary effects compared to that due to shading the con-

tacts. The Sayre et al results were ol 'ained under very high illumination, several

orders of magnitude above that seen by the survey detectors even under the worst

earthshine conditions; it is unclear that geometry effects are as important under the

lower background conditions.

Dielectric relaxation arid responsivity changes were Found not to be significant.

Price and Walker 1 found that not only was the survey calibration stable over a

tc,-yar period (the first six experirnents used the same telescope system) but

rsponsivity variations of no larger, than 10 percont were observed for changes of

as tnuch as 10 3 in detector background. Further, the relative calibration obtained

fr,t sources with a range of spectral frequency distributions that illuminated the

full r'ield f the detector was found to, scale within 20 percent of that obtained from

1,. S r,, C. , Arrinsiton, C. )., .isenniann, W. l., and Merriam, J. (1976)
(haar itenist l's 4 Detcctors Having Partially Illuminated Sensitive Areas,
preprit fr',, I10S *larch, 197(', meeting on Detectors.

A m. A rr'gt .n0D. (. , and [,isetni :ann, W. 1. (I973) Test Data for- a 24-Element
Ar'ray Na wil lecttron' s l.aboratory Center, Report 2t600-5.

17. A:t\niWtr, I).C. , :id lEisenrnann, W. I. (1974) Test Data for a 24-Element
Sr "v Naval Irt'! rrni'r ~Iaboratory ('enter, Report 2610-17.

\*\S.\ A.' ,, ( ,tr':,. lprrts (1R-152, 014; CR1-152, 9t41.
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the stars. These extended sources were: (1) a series of pulses from an internal

stimulator during the three roll rate changes; each pulse in the scries la.ited

about 20 msec; (2) the amplitude of the rectified signal from the shock friont of the

re-entering sustainer, the width at the half intensity point varied fr-oin 27 insec to

as long as one second; and (3) the detector noise measured as a functi,nr (I' back-

ground, with a duration of seconds. Except for' the noise rvast 'ernto. s, the

source functions for- these measurements are unknan and aml 0 , t'rl;alivi.' calira -

tion could be done. lowever, the relative agreement using I',,a di I'ontl S'1,,.s

imply that no large variations exist due to hackgi'trnd ,r dielect- ri. relaxal ti, it

the data.

In part, this agreement may be (ue t, ti h 'act that 'or a givet. lracktir'rur~l. he

systems identification %%ill explicitly take into at,()tto the lr.. frequ 'icy r(sponrse

characteristics of the detectors. t.inaliv, it is otf t(a'r th%" that n, s.st( naric ir -

ferences were found in the r'estor ed scans taken a ith different sensrtr svstels

under widely different background ('onditions and frequenCY ,,nt (int 1,f the( mi'asulre-

ment for overlapping experiments. The obsetlvations onbtained on the overlapping

sections of the galactic plane agree with each other to wNithin the ,.alibration uncer-

tainties and the signal-to-noise of the restorred signal. Also, as k ill be sho% n,
the 4-p n. observations are entirely in accord with independent expei rments at

2.4 pm.

A conservative estimate is that the absolut. intensities, including noise, are.

accurate to within a factor of 2. The relative uncertaint', rhal is color to) color',

should be somewhat better, about 30 percent in the 4- t(, ll-rin ratios and ahout

50 percent for ratios involving 20 and 27 pm values.

Significant scan to scan to scan correlation should exist since the emission

from the galactic plane extends over, a large angle. Accornting for this ('orr'elation
with some form of two-dimensional smoothing should reduce the relative calibra-

tion errors in addition to the errors in baseline corrections and low frequency

noise. All these effects should appear with relatively high frequency in thc cross

scan directions.

After low frequency restoration, baseline correction and calibration, the data

was filtered by the nonlinear smoothing technique described by liempel. 18 This

method calculates a smoothed routput by means of an iterated weighted least-squares

parabolic fit over the n data points on either side of the value being filtered. The

fit is iterated by adjusting the weights (f each orf the 2n + 1 data values according to

their deviations from the previous solution.

18. Rempel, G.G. (1974) Non-linear (Parabolic) Smoothing or Experimental Data,
Translation from Izv. Earth Sciences. No. 3, 101.
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An initial fit is determined fr the 2n 4 1 data pomts Aith a least-squares

parabola, Po, which equally %,eights the values. The square deviations from this
th

fit are calculated over the fitting interval, that is, fori the k point in the interval

dk y(i + k) -P(i + k)1 2  - k

These values are used to generate a set of eights by,

max(dk) - dk
w k - +

(2n + 1) max (dk) - Z dk

k -n

These weights are used to determine a second least-squares parabola, P1 . This

curve fit leads to, in turn, a new set of deviations, then weights which are used to

calculate a third least-squares parabola, P, . The value of this third parabola at

the midpoint is adopted as the smoothed i thoutput value. The smoothing interval

is advanced one data point and the iterated curve fitting procedure generates the

(i 1) smt ,hed value. This process continues until the entire segment has been

5smo ot hd.

As may be seen from the calculation of the weights, small deviations produce

large weights and vice versa. Indeed, zero w eight is assigned to the value a ith

largest deviation. Therefore, the points which best fit the parabolic curve %will

dominate the least squares solution after a few iterations even with several dis-

cordant values in the interval. The algorithm very strongly attenuates rapid

variations in the data, virtually eliminating changes of one fifth, or less, the

length of the smoothing interval upon two successive applications of the nonlinear
filter, {Fempe1 19 ).

The itrated, nonlinear, regressive filter was used initially to smooth the rc-

st ored output of each channel independently of the others. The basic coordinate for

thiis peration was rocket azimuth at constant zenith angle, which is unique for each

experiment. This smoothing has the advantage of being self-consistent in that

calibration uncertainty and baseline error is unimportant, and the result is inde-

pendent from that obtained on other channels. A 50-sample smoothing interval,
which corresponds to a scan angle of 0.7 in azimuth, was selected since it is the

rninimum length required essentially to eliminate point source signatures and

impulse responses from the data. The output of the first smoothing is decimated

by about a factor of 4 and ordered in galactic latitude by taking results in incre-

ments of 0.05 (3 arc min) in galactic latitude between +5o and -5'.
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Best results were obtained for the diffuse emission associated with the

galactic plane by combining data from overlapping experim-ents at this stage and

smoothing in longitude at constant latitude rather than smoothing individual exper-

imients in terms ofr their respective zenith angles befor-e combining the data. Com-

bining data fr-om overlapping experiments before Cr~oss scan smoothing tended to

average systematic trends due to relative calibration errors and to fill in the blank

roverage left when scans were eliminated due to nonlinear effects. A 1.)3 interval

was needed for cross scan smoothing in order to incorporate all of the eight outputs

in the c ross scan di rection of the focal plane arr-ay. There is a significant change

in fihe diffuse emission from the galactic plane over an interval this size in rocket

zenith for- those experiments with pole star far fr-om the plane. In this case, the

smloothlung wotuld attenuate the signal of interest.

Thus, aftci- the initial channel by channel filter ng, all the values at a spec ific

tat itude w ere orde red by longitude anrd double smoothed by, the nonlinear parabolic

wei ghted region over' a longitude interoval of 1l"3 . Thie filte red outplut is taken at

sprecifir longitudes spared 0(0- C3l arc mn) apart. The end rorduct is a sm~oothed

gt-id ofI intensit ies spared ever> . in 11alactic latitude and longitude limited to the

These inlerisitN L-rilds have the hi~iest re'solut ion consistent with the objective

lo ciminlate roirit sotur ces anti to, account for svstemati 0 t end inl the cross sCanl

di lootiroir. HIt isolut iof is tIhout rw%( thirdis tire length o4 a smoothing inter-val oir

ahur ft 0 tatittrdr arid 0"8 i t'ritudc. tie tost caises pvvscrood fr one drmien-

siolvilt ara h% Rtiopet sIt(.%%i hat no-11(15 laIs iliIIoStoo to

tro va, %itid a IN liii rat d UPON ses tk( aUC S-v :tpphicart rs ,I ire inI nlear

t t it. igiaI tI 1 it ti 11 . ith It tilt, it e val a lto piassedt at ilbii l 8r pcttt ro trt the

I i i j Ii ldl ;111(1 .t h 0 M'V i c i lrw r i st mi thie ti 1th al 1i,j I r rr r nix . ,N!

I ii!!,r ~ ttnl!s I Ilit 1151 II lii 'iot atO' ce list i I o rt', tis
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5. RESULTS

Three-quarters of the galactic plane were covered at 11 and 20 #m and lesser

areas were surveyed at 4 and 27 Mm. Most of these regions were scanned on at

least two different experiments. The following discussion of the general character

of the observed emission is sectioned into four latitude regions which correspond

to groups of overlapping experiments.

All the contour maps presented in this section, and in the Appendices, have

the same intensity scale for a given color. The lowest level in each color was

selected to show some effects of the noise.

The brighter contour levels were chosen empirically to emphasize the general

emission from the galactic plane without swamping the plots with detail. In units

of 10
-  

W cm-2 JM
- 

sr 1
, the 4-tkm lowest contour is at 5, and each succeeding

level is an increase of 5 (5, 10, 15 ... ); at 11 oni, 1 is the lowest value, and each

brighter level is an increase of 2 beginning at 2 (1, 2, 4. 6 ... ), the 20-JAm scale

is half that at 11 An (0.5, 1, 2, 3 ... ) and, finally, the 27-nm lowest, and outer-

most, contour is set at 2. 5 with successive levels being an increase of 5 beginning

at 5 (2. 5, 5, 10, 15 ...

5.1 Lon,_itudes 01' to 35"

'The two flights ecovering this region produeed measurements in the 4, 11, and

2(1 -pim sp ,tral bands fr m t he galartic crenter to tht area around All Aql at

- 30". The data trom the first experiment were of lower quality than the sec-

ond, as the pole star was at a much higher galactic latitude, o ('rI at b - 53'75

as cornared to b -1925 For o Iyr. This may tie qualitatively seen by compar-

ing the 11-tam scans arross All Aqi for the a ('rB experiment (Vigures 9 and 10)

to those froni the o fyr fri eghi for the same aroa in Figure 8 for the raw data and

Figure 12 f,,r the restored observat ion-.

The sensitivitv at 4 Lm was about a factor of 4 less than that at the longer

wavelengths. Consequentlv, the Y Iyr flight produced the only usable 4-urn

me/tasurements thli'uglh a tortunat, c om~lbination to crossint the galactic plane in

the region ot highest emission almost perpendicularly, resulttng in the mlininum

of electronic attenuation. Three quarters (of the 20-pnm array malfunctioned on

the second flight so most of the observations at this wavelength in this longitude

rcgion ar(, froi tht', l( qualita, o ('B experiment.

the contour naps t' this legion are shown in Ftgure 1,3 and expanded ve rSions
ore given for better detail in Figures 14, 15 and li i" the 4, 11 and 20-0ao spec-

tral hands, respectivelv. Effects or baseline errors show up as wings in the 4-jom

maip. Ftigure 14, at ( - 21" :and 2.' and Is satellite sotures at i 12' and 1'.

LOO
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FWIVII at 3.4 Mll over these longitudes which they att iibute to the lower interstel-

lar extinction at this wavelength. The present results show an almost constant

4.2-pim surface brightness of 2 X 10- I IV tm - 2 Pm - 1 str at b - 00 between 5 and

30" longitude and a 3o FWII\1. The 2.4-pin "fine structure" noted by Oda et a1 2 2

and Haakawa et a2 3 at - 14o, 6, 19" , 210 and 270 also appears in Figures 13

and 14 at 4.2 pm. The 140 and lIl features are blended into a single extended

plateau at 4. 2 Mm. The remaining features closely correspond at the two wave-

lengths. The peak at C - 190 is the only one which appears to be correlated with

a source at longer wavelengths where it is associated with AFGI. 2153 + 2162

(UY Sct).

Discrepancies between the 2.4 and 4. 2 k~m measurements do exist. The trend

at 2.4 pm noted by Ilayakawa et'a123 that the peak emission in this region occurs

at b -0. 5 is not evident at 4. 2 pim. Further, the details of the complexity of the

galactic center observed by ()da et al 2 are not the same at 4. 2.pm. The 4. 2-pm

Lgrids clearly show emission peaks at f - 0", b 4 +1' and -I as found at 2. 4 um

but those intensities are much smaller than that observed for the center itself.

This is contrary to what is seen at 2.4 prm.

Discrete, well-defined extended sources are prominent features (,f the 11 and

20-aim maps, Figures 15 and 1G, respectively. A list of the extended sources

discernible in the intensity grids in Appendix A has been compiled in Table 2 for

this longitude region. The galactic ctordinates of Intensity peaks of the sources

are listed in columns 1 and 2 to the near-st 0?1. The peak intensities, in units of11 XV m_- -1 -1
10pm Sr in 4, 11 and 20-an spectral bands are given in columns

3. 4 and 5, respectively. The estimated angular extent of the source in htngitude

is given in column 6, and for latitude in column 7. The latitude estimates are

more uncertain due to the more rapid variation in the diffuse ha( ktround in this

c',rdinate. The resolutiom of tile grids is of the o(ler of 0 .8 in hmgitude and 0.-)

I It IL Ut1tde '. 'w(, true ext ent ," S i}lces tougl-v the size. (t somallr 111:11 Ill ,

01. 8i hv 0. 71 (xbl) rts tlut lin tt i( ititensit-, orids is lost. hilt t he" must he Lr'eatl

thin i. :1 h% it. 2 as the rmnlinrir filter-inc weiild have eliminated smaller sinals.

i t, A I-t I. " iUrt-rs dent Ii ett it lIli he hi i-i- s vlvon 111 lunin 8 v, hlle otheli
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object is near source 16 in the fai- infrared list of Nishimura, Low and Kurtz2 3

which they associate with a strong CO peak but without bright HII emission.

The diffuse emission component at 11 and 20 um is qualitatively similar to that

observed at shorter wavelengths. A roughly constant emission centered on the

galactic equator between 5a < I < 30 is observed to have a value of - 1. 2 X 10 - 10

W cm-2 gI-1 sr- 1 for the I I11 band and -3 X 10 - 11 NV (m-2) -1 Sr - 1 at

20 pm. The FWItM is measured to be between 1. 5 and 2.0 at 11 pm and 1.0 to 1. 5

at 20 pm. Thus, the 4:11-Mim and lI:20-pm intensity ratios along the galactic

equator are roughly constant at about 1. G and 4, respectively.

5.2 Longitudes 350 to 950

This region was surveyed at 11 and 20 pm on four experiments. The pole

stars and their galactic latitudes are, in sequence: a CrB b - 53?75; a And,

b - 32?85; E Sgr, b - -9.6; - Gru, b - s1?5. The two southern hemisphere

flights (E Sgr, I Gru) obtained 27. 4-pm measurements between 400 < I < 85o. At

longitudes greater than about 80o, the observations are from a single experiment,

the a And flight, whereas the E Sgr dominate the data for longitudes less than 450
50

°

to 50.

The 11, 20 and 27-pm equal intensity contour maps are shown in Figure 17

while expanded versions oif these measurements are given in Figures 18, 19, and

20, respectively. The sensitivities of the 2 7-pm detectors were not high enough to

measure the diffuse emission from the galactic plane and observations in this color

are limited to the brightest discrete sources. Two general areas of 11 and 2 0 -pr

emission are apparent in this region: One extends from about 35 to 65 longitude,

and associated with the diffuse emission from the galactic plane; the other is a

complex of diffuse and discrete infrared emission from the Cygnus X region.

The background associated with the galactic plane decreases both in brightness

and FWIItM at 11 and 20 pn, with increasing l)nitude from f - 38' to f - 650

where the brightness drops bvlow the detection threshold in both colors. The

measurements are qualitatively similar to those observed at 2.4 pm by Ito,
I1 ) 24

Matsum ,,t, and Iy;ma and IIhffmann, I erkc and Frey. 24 he bserved

11: 2 0-pnm rati,, or surface brightness alina the galactic equtor is almost constant

s ,nwwhere tecb'vl (on :1 and 4 out to ai longitude (if 6 5".

The exi ended sourCes bttained frmi the intensity grids in Appendix B are

listed in laili. iThe m,,re prminent ohjects are labeled with the AFGI, source

23. Nishiniura, T. , Il,,w, ".J. , and Kurtz, Ii. F. (1980) [ar Infrared Survey of
th, ;ilalai( I 'lan, Astr,)ph.vs. J. (lWiters) 239:1,101.

24. ll'fiman. \., [vmke, 1). , and 1-*ev, A. (191781) Mapping of the Galactic
(,nter' aind the Aiiulla cal(in in nle Ne'ar Infra rtd frruii lall en Altitudes,
A S (rninv and Ai tr ,phvsi(- 70:427.
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Fgre17. The I1- 20- and 27-urn Equal Intensity Contour Maps of the Galactic
Plane in the llegion 35 0< I < 950. Contour levels are 1, 2, 4, 6 ... X 10-11 W
cni- 2 

JAIIm- sr- for the ll-pmr observations, 0 5 1 2 *,3 X 1 0 -11 W em-2

P111sr- 1 at 20 Mm ad2. 5, 5,10, 15 .. . X I*" mc' sr-1 at 27 Arn.
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Figure 18. 11 -urn Map (of the Galac ic Plane over the fi n 35(o9<) 95 . The
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Figure 19. 2 0 -Mm Map of the Galactic Plane from 35 to 950 L.ongitude. Contourlevels are in units of 10-11 W cm- 2 Mm- 1 sr-. Intensity peaks of the extended
sources in this region are labeled with the AFGL source number associated with
them
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numbers associated with them in Figures 18 and 19 for the 11 and 2 0 -Mm spectral

bands, respectively. The format of Table 3 is the same as Table 2 with the excep-

tion that columns 3, 4, and 5 list the observed 11, 20, and 27-pm peak intensity,
-11 -2 -1 -lI

respectively, in units of 10 W cm pm sr

The source at I - 47?0, b - -2?6 (AFGL 2390) associated with object

+100420 in the catalog of Neugebauer and Leighton; 2 5 it is most likely the "unknown"
240

source reported by Hoffmann et al. The 2. 4-Mm position of Hoffman et al is 1.4

from that of +100420 = AFGL 2390 and within the position accuracy of the 2. 4 -pAm

observations. Of interest is the fact that AFGL 2390 appears both in the maps of

Figures 18 and 19 and in Table 3 with a measured extent equal to the resolution of

the intensity grid. A source must be greater than 0.2 to appear in the grids, as

objects smaller than this are eliminated by the nonlinear smoothing. Note that

AFGL 2650 = +400448 - NIL Cyg also shows up at all three colors at the resolution

limit of the data.

A number of extended sources are listed in Table 3 in the Cygnus X region;

not all of these are identified with AFGL cataloged objects. Campbell, Hoffmann,

Thronson, and Harvey conducted an overlapping survey in broad spectral bands

centered at 82 and 92 m with 022 resolution. Their experiment covered a 5 degree

latitude strip from P = 760 to 900. Forty-nine discrete sources were detected at

the far infrared wavelengths, seventeen of which were associated with AFGI. ob-

jects. Of these, thirteen also correspond to peaks in the 11 cm radio emission in

Wendker's survey. Kleinmann, Joyce, Sargent, Gillett and Telesco 2 7 have pre-

viously noted the coincidence between peaks in the Wendker survey and the positions

of AFGL sources. About half of the AFGI. objects associated with the 11-cm peaks

b Kleinmann et al 2or with far infrared emission by Campbell et al are extended

enough to appear in Table 3. The remainder were either too small and, in conse-

quence, eliminated by the smoothing, or blended into an extended emission ridge or

combined with other sources. Indeed, several of the prominent ridges of far infra-

red emission are also seen at 11, 20 and 27 pm. The I Cygnus ridge

(77.25 I < 790, 2. 1 < b < 0o5) is nicely traced out by sources 1, 6, and 10 of

C(ampbell et al with ll-pnm peaks near th- far infrared sources I and G. Another

ridge in the area 780 < of < 795, -1.5 < b 0" is outlined by the I l-r sources

which Wendker 2 8 found in the Great Cygnus Rift (of heavy obscuration. This region

25. Neugebauer, G. , and Leighton, H. B. (1969) Two Micron Sky Survey-A
Preliminary Catalog, NASA SP-3047.

21,. Campbell, i. V. , Hloffmann. W. I. , Thronson, Jr. ,. ,f., and 1larvev P. M.
(1980) Var-Infrared Survey of C.ygnus N, Astrophys. J. 238:122.

27. Kleinmann, S.G. , Joyce, 11. R., Sargent, D.G. , Gilltt, F. C., and Telesco,
C. M. (1979) An ( bservational Study (f the A 'G 1 Infrared 5kv Survey. IV.
F'urther Results from the Revised Catalog, Astrophvs. J. 227:12fi.

28. Wondker, H.J. (1970) The yU 'gnus N Rerion VT. A New 21;95 Mllz Continuum
Survf-, Astron. Astrophls. 4:378.
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also contains sources 12, 18, 19 and 26 of Campbell et al;2 6 the 2 0 -,um emission

peak is near the positions of far infrared sources 18 and 29.

The Cygnus X region is complex and separating the diffuse emission from

discrete extended sources and from ridges of emission is not straightforward.

More than half of the extended objects listed in Table 3 for this region are associ-

ated with sources, or groups of sources, in the AFGL catalog. The objects in

Table 3 without AFGL associates for this region have associations in other catalogs,
28

most notably that of Wendker. The most prominent of these is the extended

source at I = 7924 and b = 325 (l1-mm position) and I = 7920, b = 325 (20-pm

position). This is associated with G79. 0 + 3. 5, G79. 4 + 3. 2 and possibly
28

G79.3 + 3.3 in the list of Wendker. The gradients across this source were

apparently too shallow to produce a discernible signal after the low frequency

attenuation in the electronics. Indeed, all the extended sources in Table 3 corre-

sponding to objects in Wendker's list but not in the AFGL catalog have shallow

gradients at 11 zm. On the other hand, of the 15 objects in the list of AFGL
27

sources which Kleinmann et al associate with the ll-pm emission, only two

were not at locations of reasonably steep 1l-tim gradients.

That the AFGI catalog preferentially includes sources with reasonably steep

intensity gradients coupled with the fact that the positions of the peak intensity of

the sources in Table 3 are, in general, within 0. 1 of the AFGI, catalog position
27,contradicts the surmise of Kleinmanr. et al "... that the positions and extent of

sources in at least one complex area (Cyg X) were inadequately determined by the

AFGL survey because of spatial resolution and sensitivity." The positions for the

peak of a source listed in the AFOL, catalog, which includes the effects of the high

pass filter, and that found after restoration are within the quoted errors of the

catalog and the intensity grids in Appendix B. The position of the intensity peak,

and the region of highest spatial frequencies, are quite well-defined, not at all

''inadequately determined." The detection and measured angular extent of the

source is a function of the intensity gradient in this region, not solely sensitivity.

Objects with too shallow a gradient were not detected and thus excluded from the

catalog.

The mid-infrared color of the diffuse emission in this regi(,n is redder. than

that derived for the galactic plane, with a 11:20 pm ratio of 2 to 2. 5. There is

also general correlation between the surface brightness of the 11 and 20 pm (""is-

sion and the brichtness temperature derived by Wendker. 28 Along the 1. 51K

11-cm contour the 11 and 20 pin emission appear to be related to the 11-cm bright--2 -l
ness temperatureby 1 (11 pn) 2. 5 I (20 pm) - 2 Y Tb (oK)( W cm -2 p1

sr-
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5.3 Longitudes 1000 to 2400

Three flights surveyed this longitude region in two major segments. Zeta Tau

(b - -5°7), Per (b -26;?;) and a And (b - -32?9) cover the regions between

1000 and 1700. The t Tau and Per experiments also surveyed between 1950 and

2400 longitude.

Figure 21 shows the 11- and 20-,m contour maps in the region 1000 <1 < 1700

with expanded maps given in Figures-22 and 23, respectively. The area 1950 to

2400 longitude is mapped in Figure 24; individual contour maps are presented in

Figure 25 for the il-pm measurements and Figure 26 for the 20-,um values.

As may be seen from these figures, only discrete sources are contained in

this region. There is no diffuse emission centered on the galactic plane above

10 - l1 W cm - 2 Mjm - 1 sr in either color. The list of discrete sources found

within these longitudes is given in Table 4. The galactic coordinates of the source

are given in the first two columns of the table, longitude in column 1, latitude in

column 2, and the peak intensities at 11 and 2 0 Mpm are given in columns 3 and 4,

respectively. The estimated angular extent in longitude is given in column 5 and

the latitude value in column 6. Associations with sources in the AFGL catalog

are made in column 7, and with other catalogs in column 8. Finally, column 9

contains comments about the source.

Approximately equal numbers of HII regions in Table 4 are associated with

AFGI. sources as those which are not. The AFGI. catalog undersamles the HIL

region contribution by not detecting those extended sources with shallow intensity

gradients.

Several of the 1111 complexes are quite large . NGC 896 (f - 1340 b 1 1l2)

is measured to have a diameter of about 1. 5 degrees and may be larger if the

lowest contour level is valid at 20 Mm. Similarly, NGC 7822 is at least a degree

in diameter. This source extends beyond the boundaries of the plot (I - 1180,

b 5o) and is only partially seen in Figure 21. The region containing NGC 2244

(f 207', b I)'7) is as much as 2. 5 degrees across. The entire extent of this

region could riot be determined as the nezasurements across the edge of this source

were eliminated because of telemetry problems on the flight that surveyed this

region. Unfortunately, this scan also covered NGC 22(;4 which is also quite bright

in the mid-infrared.

5. i Igitnides 280!' hi 320''

The two southern hemisphere flights covered this region, p-oducing data in the

11-. 20- and 2 7 -pm spectral bands. The instrument flown on the E Sgr (b - -906)

experiient was more sensitive than that used on the ) Gru (b - -51°5) flight.

Also, four of the ll-pMo and two of the 20-pmn detectors were inoperative on the
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Figure 21. The 11- and 2 0 -pni Map of the Galactic Plane for Longitude Between
1000 and 1700. Contour levels are 1, 2, 4, bi 8 .. < 10-11 WV c,11 2 pinm sr-1
for the 1l-j~ni plot and half that for 20 gm Fhe blank streaks at f - 120o~ and
1550 are due to scans which were eliminated dluring daita processing. The resolu-
tion is approximately 097 in latitude and 190 in longitude

Figure 22. An Expanded Version of the l1-umn Map in Figure :32
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Figure 23. An Expanded Version of the 20-pin Map in Figure 21

,PVELENGTH 11 MICRONS

I f N ,TH M°' MICR 01NSq
, "" -).;vJ <sc>

j'5 ZOO 225 231) 235 ?40
GHLACTIC LONGITUDE

Figure 24. 11- and 20-pim Maps of the Galactic Plane from 1950 to 2400 Longitude.
('ontour levels are the same as defined in Figure 21. The resolution of these maps
is approximately 0?7 in latitude and i?0 in longitude
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F'iguret 25. lExpandud Vet's ion o)f the li-p in M\ap in ]Figuire 24

Figure 26. Expanded Version (f the 20-gu Map in Figure 24
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-y Gru flight. Thus, the data from the E Sgr experiment is dominant in this

region.

The iso-intensity maps are shown for the three colors in Figure 27. Individual

maps are presented in Figure 28 for the 11-pm spectral band, Figure 29 for

-20,u and Figure 30 for 27 pm. Again, the sensitivity at 27.4 pm was not high

enough to detect diffuse emission from the general background arising from the

galactic plane.

Prominent peaks in Figures 28 and 29 are identified with the AFGL number of

the sources associated with them. A more complete list of extended sources in

this region is given in Table 5. The format for this table is the same as for

Table 3. The general character of the 11 and 20-pm emission over this region is

similar to that observed for, the complementary area 400 < I < 800. The diffuse

4+ 1 11 MICRONS

VI

- -- +-- --- +- I I
Zi 0.i c

T7 MICRONS

.7 M I -RR NS

[''

, , - -I °, -- " " - ,

Figure 27. The II-, 20- and 27-nm Equal Intensity Contour Maps of the Galactic
Plane from 2800 to 320" Longitude. Contour levels are the same as in Figure 17:
at i1-pm these are 1, 2, 4, 6 ... X 10-11 W cm-2 pn ~ 1 sr -p , the 20 pm levels
are half those at 11 pm and the 27 pm value 2. 5 times those at 11 pm. The angular
resolution of these plots are about 0(.7 in latitude and 1.0 in longitude
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Figure 28. ll-pm ('ontour 'Mal) Along the Galactic Plane from 280 0 to 320o Long-
itude. This is an expanded version of the 11-0m map in Figure 27. The contour
levels are in units of' 10-11 WV co

2 in- sr-1 . The AFGI. source numbers of
those sources assoc iated with prominent extended objects in the mnap ace also
shown. Inadequatc b/cwlinv roorrect ion pro duced the 'pinching" of the contour
a round A FG 1 4 16:3, 1 3

N-

+ + 4

2s 05 -5'2

__ I L

Fiue 9 Te20,m lpofte aaci Euto ~ginBewen20oad92

Loiue 2. The 20it fmor, the Gatorlacic Eqator 10- o Betwee pn -I~ and1 3200

numbers refer to associations with AFGI. catalog sources. The wings at positive
latitudes from 285o to 2900 are due to baseline problems in the measurements.
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WPVELENGTH 27 MICRONS
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Fi gu re :30. An E-Ixpanded Version of the 27-pmn Map iii Figure 27

em11iSSiofl from the galactic plane extends down to aboui 298o~ longitude where it be-

comes merged with a general background which appears to surround the large ill

regions in the area between 2800 and 295o longitude. Possibly this background is

from the material in the Sagittarius-Carina arm which lies in this direction.

The ratio of the 11: 2 0 -pnm emssion ts similar to that found for the complemen-

tary latitudes on the other side of the galactic center. A constant ratio of about

4 is found between 2980 and 3200 longitude along the galactic equator. This ratio

is (41 the order of 2 for longitudes less than 2950.

6. IfIS(:('$SION

Tho mid-infta red dirruse e-mi. si n within 5 of the galactic plane is divided in-

h, three distinct components. A number of discrote extended sources were observed

at 11, 20, ;rnd in the limited regions surveyed, 27pm. Almost all these discrete

sources can h' assc iated with either 1111 regions or dust clouds. A significant

rraction of these obiects (35 percent) are not correlated with entries in the AFGI,

catalog, particularly in the region 100" < I - 240". These sources have low Sur-

face hrightnesses, relatively shallow intensity gradients and, consequently, were

filtered out by the A' coupling or the electronic bandpass of the system. These

resuits imply that the pioportion or 1111 regions which contributes to the mid-

infrared hackground needs t( he increased 25 to 35 percent over what is derived

frro the contents of the A. 'GI, catalog.

jfi8



The discrete sources are observed against a large scale diffuse mid-infrared

emission for iongitudes less than 900 from the galactic center. This diffuse emis-

sion appears to be composed of two distinct backgrounds. The first, exhibits

approximately constant surface brightness at 11 and 20 pm along the galactic

equator from 100 to 300 longitude, then falls with increasing longitude reaching

the limits of detection in either color at 600 to 680 longitude. A similar decline in

surface brightness is also found at the equivalent negative longitudes. This emis-

sion is characterized by an almost constant intensity ratio (1ll/I20) of 4 which is

equivalent to a magnitude color difference, inro - m 2 0 - 1.0 magnitudes or an

integrated in-band color temperature of 4500 to 500°K.

A different diffuse component of emission is evident in the regions,

700 < I < 850 and 2800 < I < 2950. These longitudes are in the general directions

of the Perseus external spiral arm and the Sagittarius-Carina spiral arm, respec-

tively. The intensity ratio in both these areas is about 2 to 2. 5. The magnitude

color difference is about 1. 8 magnitude which is equivalent to an integrated in-band

color temperature of 2500K, Thus these regions are notably redder than those

closer to the galactic center'.

The measured surface brightness along the galactic is shown in Figures 31,

32 and :33 for the 4, 11 and 20-pm spectral bands, respectively, for an in-plane

resolution of about 0. 7. An almost constant surface brightness is measured be-

tween 10 and 300 in longitude, with values of 20 ± 5, 12 ± 2, and 3 ± 1 X 10 - 11

-2 -1 -1
cm ,utn sr at 4, 11 and 20pum, where the error is the uncertainty of the

average. These values are systematically too lo\ by an amount equal to the back-

ground level at the limits adopted for the extent (if the mid-infrared emission. A

zero background level was assumed external to these limits.

The 11 to 20 ur color intensity of 4 was found to extend out to t O ±60. Over

the region of 100 to 3 0 oi longitude along the galactic equator, this emission can be

fit by 500( K black-body emission with a dilution factor- or" 2. 3 X 10 - 8. This agree-

ment is fortuitous for, as we shall soe, the majority of the 4 -Pm background is

due to late type giant stars, while other sou! (es of mid-infrared emission are

required to explain tile 11- and 20-pm observations.

A straightforward, albeit naive, accounting of the mid-infrared may be ob-

tained by extrapolating the 2. 4 -Mm balloon-borne diffuse measurements. The

diffuse galactic background at 2. 4 u1 0 is assumed to be due to the integrated

intensity of all the many sta rs in the large field of view used on these experiments.

Further, the composition of these stars is assumed to be the same mix of spectral

types as in the solar neighborhood. The spectroscopic studies of the Two Micron
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Figure 31. The 4 -pum Surface Brightness Along the Galactic Equator.
Values a re taken from )the data in Appendix A and, consequently have
a resolution of about 0. 8 in longitude. The noise level is about lO0-1 WV
CMs-2 "111- sr-1

25 29Sky Surv,'.iNeugr4'hauer and Leighton) performed by Grasdalen and Gausted,

3 .0 
"  J

-
-  

- ! ! 1I

Vogt" and Hansen and Blanco 31show tfiat 70 percent of the sources brighter than

an apparent m.agnitude of 3. 0 at 2. 2 Am are giant stars. Further, the mode of

spectral tYpes is N1 to a n; with half of all sources in the survey having spectral

types within two( subclasses of this. The stellar content of the background is

assUnmed to bc (lue to l\l5-Mt; giants which have an infrared color temperature of

2,a00"K. This approxition oat is in agreement with the findings of Harris and

o1wan-ohins, ador the subclass of sources in the AFC L catalog (Walker and

'9. Grasdalen, G. I, and Gausted, J. E. (197 1) A Comparison of the Two-Micron
Sky*t v Surve with the Dearborn Catalog of Faint thed Stars, Astronom. J.
7 (;: 23 1.

30. Vogt, S.S. (197:3) Low Dispersion Spectroscopic Classification of the niden-
tified Sources in the [wo Micron Sky Survey, Astronom. J. 78:389.

31 . 1ansen, (). [,. , and Blanco, V. Mb (1975) Classification of 831 Two-Micron
Skv Survey Sources South of a5 ,Astronom. J. 80:1011.

:32. Harris, S. , and Ilowan-Iobinson, Al. (1977) The Brightest Sources in the
AFI,'RtI. Survey, Astronormy and Astrophysics 60:405.
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Figure 32. The l1-prn Sgrface Brightness Measured Along the Galactic Plane.
The resoution i about 0. 7 in longitud.e. The measurement uncertainty is about
X 10-1Wcm- um - sr - l with about 5 times that value in the longitude region
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Price)I they classify as stars. Harris and Rowan-Robinson 3 2 also found that for

their subclass of stars that, in general, no excess emission is evident at 4. 2 Mm

while on the average 0. 6 and 1. 1 magnitudes of infrared excess exists, at 11 and

20 gm, respectively. Gerhz et al13 also obtained a mean -olor excess

m(4. 8 pm) - m(ll. 4) of 0.6 to 0.7 magnitudes on sources selected from the AFGL

catalog, which they classify as stars.

The assumed background is, therefore, composed of black-body radiators

with a characteristic temperature of 25000K which have excesses at 11 um and

20 tm, respectively, of 1. 75 and 2. 75 over the flux obtained by extrapolating along

the black-body curve. The surface brightness at 4, 11 and 20 0 m are then extrap-

olated to be 0. 28, 0.02 and 0.003, respectively, times that at 2.4 pm if effects of

interstellar extinction are not important. The observed ratios are, in sequence,

0.33, 0.20 and 0.05.

Oda et al21 and Okuda, Maihara, Oda and Sugiyama 2 0 determined that the sur-

face brightness at 2. 4 pm along the galactic plane has been dimmed by about a

factor of 4 within 80 of the galactic center and halved at I - 250, due to interstellar

extinction. The absorption coefficient at 4.2 pm is estimated to be about half that

at 2.4 pm, that is, A4. 2 - 0 5 A 2., from van de Hulst curve 15 given by

Johnson
3 3 and from the analyses of Becklin, Mathews, Neugebauer and Wilner. 3 4

The difference in interstellar extinction between 2. 4 pm and 4. 2 Pim would bring the

calculated and observed surface brightness into even better agreement.

The situation at the longer wavelengths is not as clear. The van de Hulst

curve 15 predicts extinction coefficients at II and 20 pm which are a fifth and a

tenth that at 2. 2 un, respectively, but the analyses of Becklin et al lead to

values of A 1 A1 2 and A 2 0 - 0.3 A 2 .2' At best, the predicted stellar back-

ground at 11 and 20 pm underestimates that observed by an order of magnitude and

additional sources of mid-infrared emission are required.

Harris and Rowan-Robinson 3 2 have divided the contents of a "reliable" subset

of the AFCRI, catalog into three categories based upon the 4, 11 and 2 0-pmr survey

photometry. These classes are: "stars" with ni(4)-m(l1) < 2.0, "circumstellar

dust shells" with m(4)-m(ll) > 2.0 and ni(ll)-m(20) < 2.0, and "dust clouds" which

have m(4)-m(ll) > 2 and m(ll)-m(20) > 2. The "dust clouds" are almost chiefly

3.3. Johnson, I. I. (1968) Interstellar Extinction in Nebulae and Interstellar
Matter, Vol. VII of Stars and Stellar System, Middlehurst and Aller, c6.,
University f h (hica go, Chicago, p. I(l7.

34. Becklin, E. E'., Mathews, K., Neugebauer, G., and Wilner, S. P. (1978)
Infrared Observations (if the Galactic (enter. IV. The Interstellar
Extinction, Astri'phys. J. 220:831.
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composed of 1111 regions (Bowan-Robinson). 35 Thus, these two classes of objects

are markedly brighter at I1 and 2 0 Am than at 4 Am.
32Harris and Rowan-Robinson found that in the subset of objects they selected

from the AFCRL catalog, the "circumstellar shells" and "dust clouds" are signif-

icantly more aumerous above the flux cutoff of m(l 1) = -2.0 and m(20) = -4.0.

These excesses are increased if account is taken of the revisions in the AFGL

catalog (Section 9 of Harris and Rowan-Robinson). 32 There are roughly 41 sources

brighter than m(ll) -2.5 and m(20) - -4.0 in the AFGL catalog if the source

counts are normalized to 7T steradians. Assuming that a typical star has colors of

m(4)-m(I1) = 0. 6 and m(4)-m(11) = 1. 1, one notes that the 4 -pm source counts

predict that 7. 5 stars contribute to the count at 11 pm and 3. 5 at 20 tm. The non-

stellar objects are thus 5. 5 times more numerous than stars at 11 Am and 12 times

at 20 Am. If these sources contribute to the infrared background in the same

proportions down to very low levels, then this could account for about a third of the

observed diffuse emission at I1 and 20 Am.

A somewhat more complex, multicomponent model of the mid-infrared back-

ground was developed by Walker and Price based upon the content of the AFCRI.

catalog (Walker and Price). 1 This model assumes that the space density of sources

vary in the same fashion as that found by Ilidajat and Blanco 3 8 for late A\l giants in

the direction of the nuclear bulge. S-ecifically

9 9

n(O, 0) H 9 2 2
D(R, ~ ~ _ -2 re-/2o 8MR, z) 2 c 8

The distance, in cylindrical coordinates, from the galactic center and height above

the plane are given by the variables H and z, respectively; lH is the characteristics

size of the core region. The parameters o and n(0, 0) are the scale height of the

disk and central density of the class of sources in question. I h'se values are

either adopted or derived, along with the intrinsic luminosity, for each component

of the model. A value of 3 kpc for H was selected as giving a reasonable fit to

the galactic rotation curve if the mass distribution interior to the sun is given by

'q. (8). The ratio of source densities between the galactic center and the solar

neighborhood, is six times greater than that round by Ilidajat and lBlanco. 36

35. Howan-Robinson, M. (1979) Clouds of Dust and Molecules in the Galaxy,
Astrophvs. J. 234:111.

36. Itlidajat, B., and 3lanco, V. M. (19(;8) Distribution of Giant M Stars in the

Galactic Disk, Astron. J. 73:712.
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The AFCRL catalog was divided into two subsets, one composed of h type
36

giant stars with a value of a = 450 pc taken from Hidajat and Blanco; the other is

a collection of objects confined to the disk (for example, compact HII regions,

supergiants and so on) with an assumed a = 100 pc. The catalog limits were not

faint enough to see out of the plane of giant stars, which is in agreement with,

Hughes 3 7 and the fact that in general only the reddest sources in the TMSS with

K > 1. 5 were included in the AFCRL catalog. The intrinsic luminosities of the

disk sources are large enough that these sources have a pure disk population. The

volume emissivity of each class of sources was found by a least squares solution

to the source counts in each color as a function of irradiance, assuming a purely

spherical distribution for the giants and a pure disk distribution for the remainder,

that is,

N(Hx) = a1 HX 3 / 2 + a -2 t]lX

where N(HX) is the number of sources in color (X) brighter than an irradiance Hx

and the volume emissivities near the sun is a 1 for the giants and a2 for the disk

population.

The volume emissivities then derived lead to the following mean colors for

each class: m(4)-mr(ll) = 2. 1 and m(ll)-m(20) - 1.3 for giants, m(4)-m(ll) = 2.9

and m(ll)-m(20) = 1. 8 for the disk sources. These colors are consistent with

those of Harris and Rowan-Robinson 3 3 if the sources in the "dust shell" category

are distributed among the other two subsets.

The density gradient derived from Eq. (8) in the solar vicinity is about half

those obtained from the exponential volume emissivity models proposed by

Hayakawa, Ito, Matsumoto and Uyama3 8 and Maihara et al39 to account for the

observed diffuse 2.4 gim emission. These exponential models also include the

effects of interstellar extinction taken to be proportional to the observed galactic

distribution of molecules. The apparent volume emissivity of the exponential

models is reduced to within a factor of 2 of that in Eq. (8) if account is taken of the

interstellar extinction interior to the sun.

37. Hughes, E.C(., Jr. (1969) The luminosities and Spatial Distribution of Stars
Detected on a Two Micro Sky Survey, Ph.D. dissertation, California
Institute of Technology.

38. Hayakawa, S., Ito, K., Matsumoto, T., and Uyama, K. (1977) Overall
Distribution of Infrared Sources in Our Galaxy, Astronomy and Astrophysics
58:325.

39. Maihara, T., ()da, N., Sugiyama, T., and Okuda, H. (1978) 2.4-Micron
Observation of the Galaxy and the Galactic Structure, Publ. Astron. Soc.
Japan 30:1.
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Table 6 compares the observed surface brightnesses along the galactic plane

at various colors and those calculated by means of Eq. (8). The columns are the

respective surface brightnesses at the various labeled longitudes. The first row

of Table 6 represents the 2.4 ;Arn observed surface brightness from
23 40

Hayakawa et all and Ito et al. The model values derived from the work of
41 42 43

Krassner, Krassner, Hilgeman and Bressenden, Leisawitz and Krassner

are listed in the second row. This work uses a variation of Eq. (8) and derives

the model parameters from the Two-Micron Sky Survey (Neugebauer and

Leighton).25 The model results have been scaled to account for the small shift in

wavelength and to adjust the absolute magnitude and space density to more realis-

tic values. The next three rows give, respectively, the observed 4-Mm surface
44

brightness, the model values from Eq. (8) given by Greenebaum and the model

values increased at I 1 200 and 300 in the same proportions as those required at

2. 4 pm to bring the observed and model values into agreement. This enhancement

is a crude approximation to account for the 5 kpc ring of additional stellar sources

proposed by Maihara. 4 5 The Greenebaum article corrects roundoff errors in somni/
15

of the integration algorithms used by Walker and Price. The equivalent compar-

ison between the observed and calculated surface brightnesses at 11 pm are given

il the next three rows and the 20-pm values are presented in the last three rows.

Table 6. Comparison of the observed Surfaceri-ightnesses with
Those Predicted from the Walker-Price Model

1 00 10 200 300 45° 0 0

2 .4 um Obs 17 7 f 6 2 1.2
Model 7 G 4 3 2 1.5

4 .2 um Obs 8.5 2 2.5 2. (;
Model 2.5 2.1 1. (; 1. 1 0.8 0. G

2.5 2.1 2.4 2.2

11llm Obs 4.8 1.7 1.3 1.5 0.6G 0.1
Model 0.4 0.4 0.3 0.2 0.15 0. 1

0.4 0.4 0.5 0.4

20 um Cbs 3.9 0.3 0.2 0.4 0.3 0. 1,
Model 0.2 0.15 0.1 0.1 0.05 0.04

0.2 0.15 0.15 0.2

*In units of 10 - 11 W cm-2 M - 1 sr - 1

Because of the large number of references cited above, they will not be listed here.
See References, page 69.
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Very good agreement between the model and observations is apparent at the

short wavelengths, while the model underestimates the I1I- and 2 O-kim o)bservations

ba factor of 2 to 3. A qualitatively similar result was obtained earlier by s imlply

extrapolating. Thus, although late type giant stars are s igni firant contributors to

thle in fra red background, accounting for almost all the diffuse emiss5ion short ward

of 5 p, other sources dominate at 11 and 20 pmn. The AFGI. catailog contents show

that muich of thle observed 11- and 20 -p i background is due o( st al's with deep

circumistellar shells, bipolar nebulae and compact 1111 region.

There is some evidence for the hypotheses that there is a significant diffuse

rem ponent of the bac kgrtaund at 11 and 20 p m . St rom, St rei, C rasdalen and

Capps 4ifound a reasonably good correlation betwecen the 11-mfluxes m easured

by Altenhoff, Downes, Goodi, Alax% cli and U inehait j and thc 11 and 2 0 -p in mag-

nitudes front the AFG I. catalog (n thle 1111 regions com mon to 1)lath lists. The
relationship is given in Figures 1 and 2 of Strcoin et AlC n a eepesda

2. 5 log S(l c m) 0. 5 - m(llI pill) -2 - m(20 p) or, in terms of flux units

S( 11 pmi) =3S(20 pmn) -20 F( 11 rcm). The magnitude difference of thle 59 sources

studied by Rowan -l~obinson :3 5 is mi(Ii) -n(20) -2. 9 ± 0. 5, in l reem cot with the

relationship decived above. I .ebofsky, Sargent, Kle inmann, and Rlieke 48have

ai roed that the 11I -k i flux depenidence on thle 11 'm. values sh, uld be halved oil

the basis that it rum et al biased their sam ple by prefe rent iaIl selecting the

brighte.st 1111 regions.

,M l /zgel 4 and az i, 50find that I henna f re--free and hun-rc11 -cml

emission hcmssignjificaint whe(n a 'eloipact 1111 legion '~'n' i cvvsbe

13th stagecs )f ev lot il-n have signl-ificant amtount s 'f mnid -infrar'ed cmi ss P in from

the, dusi shell surrounding! the exciting star. S>omt e larrItion Itotwee(,n 11-cm and

:Tiid-infiarl i-d itissio'n is, therefore, expected for these IM1 rcegions. li-'ge r 5
1

hzis pr,,osed thait the the: -azl em:iissio n measured along t he galactic plane inl the(

- 'a '~ 'an' to, :piillis lisino fro(m a, large, exene ,%w densityv 1111

'('giln i' cati I) by thc ,verlalppinj! strwi'onigren sph eles o)f till, 0 st~ll's in the galactic

pilat. which hlave dissipalted thu'i ' ptw iil 1111 ri'Li,-ns. If ai continuuml, of evolutionl-

iv Stat's f 1111 01gi1 c-'is ih th low% dfrnsit.. itized ! gi(n and a lange

- 'f ; du t-111iii),'ilti, ('l ti iill' w (IdltsitY I 'i then ( 101 s c~r 'a o should
-xist bet% 1-,n ili id i) fil\ and that in the a idlll fia red.

A clt' Itt i wa ntled p)'lv01151\', for' lth' ('''gnus X '''gion between the 11 cmi

tii'f'S( ' l I t .'' !tl t IIo MS ll A'ii tss i 'vId hby% Vend k(,i a ,nd ill' miditr 'e . 'h
a id-infl'all'd 'suifal', hriihtn'ss is i'xpi'ssr'd inl terms If radio brightness

BfP-louse "t, thlai e- lnih( '',I' 'efei'ences litlh abol(ve, th w ~ill not be listed here.



temperature as I(11) = 2. 51(20) _ 2 TB (OK 1 ) X I0- l l W cm "2 _m I sr. In

terms of flux density for the respective fields of view, the 11-cm and l1-/Jm fluxes

are S( 1 pm) - 13 S(ll cm) for this region, a value quite similar to that obtained
50by Lebofsky et al for fIl regions in general. If this relationship also applies to

the region 100 < I < 300, then the 2. 8°K brightness temperature along the galactic

plane observed by Altenhoff et al49 at 11 cm predicts an 11 and 2 0 -pro surface

brightness of 6 and 2 X 10 -  W cm - 2 Wm - I sr - 1
, respectively. The ratio between

the 11 and 2 0 -pm diffuse backgrounds in the Cygnus X region is higher than the

average for the 1111 regions studied by Strom et al46 and Rowan-Robinson,
3 5

1(11) 1(20) - 2 to 2. 5 as opposed to 1(11) - 1(20). The high resolution map of

Price - for this area show that the 1(1)/1(20) values for the discrete AFGI.

s..u Cs eontained therein are the sahie after deconvolution as are in the AFGI.

catalog. Thus, if either the 11 or 20-pm diffuse measurements are systematically

changed, then the I(1l),'1(20) ratio of the 1111 regions will scale similarly, preserv-

ing the disc repancy. The possibility that the deconvolution systematically scales

the loN frequencies differently at 20 un than at 11 gni is countered, in part, by

the fact that the color ratios te teasured along the ecliptic plane on the E Sgr flight

(Pr ice, \la rc'tte and 1 lMurdock) - 1 arv as low as the physics will allow unless an

exotic particle compsition a;plies. These deconvolved measurements have a

characteristic frequency (,r boutl 1 herte. The surplus of 11 im emission over

that predicted in the regi,, n is apparently real.

It is proposed that the diffuse infrared background shortward of 5 Mm is due to

stars, the majority otf which are giants. About half of the galactic background

observe f at II Mm and alnt,st all 'hat at 20 m1 can be explained as JIJI regions

along the :ine of siglt. This in. ludes a possibly significant contribution from a

large, extended low -density cotp nent. The remaining 11 and 20 pM are probably

due to circuttstellar shell sources plus ,,the r disk population objects.

7. (XONCI SION

Ab,,ut three quairters of t.,IP galactic plane has been surveyed in the mid-infra-

red. The .,bsrv d in-plane variations of' surface brightness is qualitatively very

sittilar 1' 'ttlsuree ents at ,,ther a avelengths; this includes the enhancements

1)scrv'" d in lie" ],I r ilIud' reglions 20" , J < 3-5o 
and 700 < f < 750 .

_,2. Price, s. I). (1980) Mdium Resolution IHP-Maps of the Cygnus X Region,
Bull. Ait. Astr.n. So c. 12 (in press).

. Prie, S. D. , .\I;a r' tte, 1.. P. , and Murdock, T. .. (1080) Infrared Observa-
tions of the /odiae'al Dust (loud, Astronom. J. 85:7G3.
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The 4-mm measurements are explainable in terms of the 2. 4-Aim balloon

borne observations and both backgrounds being due to late type giant and super-

giant stars. The stellar contributions at the 11 and 20 rni are about an order of

magnitude lower than what is measured. The source counts of the 11 and 2 0-pnm

contents of the AFGI, catalog indicate that, in the mid-infrared, objects such as

stars with optically thick dust shells, bipolar nebulae and compact 1111 regions are

extrapolated to be significant contributors to the diffuse galactic background. A

large scale diffuse mid-infrared emission may also exist which is correlated with

the free-fr-ee thermal emission at 11 cm.

A number of discrete, extended sources were found within 5i degrees of the

galactic plane. Almost all of these objects can be associated with 1111 regions,

although a third of them were not included in the AFIGL catalog. This implies that

1111 are more populous objects than the catalog currently predicts.
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Appendix A

Intensity Grids for the 4, 11, and 20m Spectral Bands

Over the Region -0.7 I < 3 0 0 , Ibl 40

This Appendix contains the intensity grids, generated after the data had

been smoothed in rocket azimuth at constant zenith angle and in longitude at con-

stant latitude bv an iterated, nonlinear, weighted parabolic regressive filter. The
0

resolution is approximately 0.5 in latitude and 0. 8 in longitude. The extensive

grids listed in this Appendix are included in order to provide much better resolu-

tion than obtained from the contour plots presented in the text. This resolution is

useful in separating the extended sources from each other and the diffuse back-

ground.

Table Al lists the 4 gnm observed intensities every 021 in galactic latitude

and longitude. The longitude increases across the table and every degree is

appropriately laheled at the top. The latitude varies between -4o and 440, labeled

at the left of the grid for ',ve, degree. The ent ries are in units of 10 - 11W cm -2
-l -l-1o sr The blank entries aire areas of no data, either because the region is

out of bounds of the s an, or beyond the adopted source linlits. The data in

Table AI have been plotted as a contour map in Figure Al.

The ll-Mm intensity grid is listed in Table A2. The format is the same as for
-11 - 2 -lI - ITable Al. Again the entries are in units of 10 W cml -m sr . Figure A2

is the ll-pim contour map generated from the intensity grid listed in Table A2.

The 2 0-Mm intensity grid for this region is given in Table A3. The format is

the same as for Tables Al and A2 and the entries are also 10 - 11 W ci-2 IA- 1

sr The blank holes and stripping in the grid occurred when two or more adjacent
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WPVELENGTH 4 MICRONS

.41

1-r

?S5 0 5 1) 15 20 :0 0 35
GALPCTIC LONGIflT)E

Figure Al. 4 -pni Contour Mlap for the IRegion -0. -, - f 32"'. This map was en -

orated from the intensity grid in Table At. The outermost contour is 5 X 10-F
Cm 1 1 -,) sr with each succeeding contour level being an increase of
5 X 10- 1 W c,11- 2 mm-I S 1 I

F'igure A2. ll-pni Iso -Intensity 1 a p fo r the' Uegion -027 < I 350 oT'he lowest
contour represe ns a brightne.ss of 1-11~ %N: cm,1- A1,1 sr t 1, the next level is
2 \ 10~ W rm- In " sr 1 l and each subsequent level is a brigtness incryase

'2 X 10 11 I -2 ill?) sr- [1, 2, 4, G, et c. X 10' 1 W cm - IW''s-),
Conteurs inltpe regiton P < 5 have been limited to levels brighter than G X 10-11
WV cia- AlmP ;r' due to a larger noise for the scans across this -area. Highest
contour shown is 5x 10-10 W rm-2 "11- sr- which is less than the peak bright-
netss o)f ',117
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channels were missing. The data from these channels were eliminated due to

nonlinear effects such as saturation, which cannot be compensated for in the re-

storation procedure. In the case of the a Lyr experiment, six of the 20-Am chan-

nels malfunctioned. The gaps in coverage left by these malfunctioning channels

produce the stripping in the 20 Mm intensity grid in Table A3 and Figure A3 at the

positive latitude for longitudes greater than 200.

Effects of noise and uncertainties associated with the restoration process are

evident in Figures Al, A2 and A3. The wings in Figure AI at 1 - 220 to 260 and

the satellite sources at ! - 130, b - 3o5 and ! - 160, b -3.5 are caused by

inadequate baseline compensation. Baseline problems also cause the "pinching'

of the contours in all these plots. These wings, satellite sources and pinching,

all occur along lines of constant rocket zenith angle. These problems seldom show

up at the second contour level or brighter.

The quality of the 20 um data is markedly lower than that at 4 and 11 Mm as

may be seen from the figures. The 20-rm observations come, dominatingly, from

the a CrB experiment. As pointed out in the text scans across the galactic plane

from this flight were significantly longer than the overlapping a Lyr experiment.

The baseline corrections were necessarily longer for this experiment and the

spectral frequency content of the detection of the diffuse emission from the galactic

plane was lower. The double integration used in the restoration routine produces a

quadratic dependence of gross baseline errors on the duration of data length

processed. These two experiments used the same telescope system and, conse-

quently, the observations should contain the same noise characteristics. At low

frequencies this noise should have been roughly proportional to 1,/f (f = frequency)

before the signal was band shaped with the high pass electronic filtcr. Thus, not

only were the baseline uncertainties larger for the a Cr3 experiment than for the

a Lyr flight due to the longer scan time across the galactic plane, but the lower

frequency content produced by the diffuse emission from the plane resulted in a

lower signal-to-noise measurement in the restored data.

Further, constant rocket zenith angles with respect to the a CrB experiment

form arcs in the Figures A2 and A3. Since the observed diffuse mid-infrared

emission is almost constant as a function of longitude in this region, the sections

of scan which cross constant latitude lines at snialler angles will detect the emis-

sion it lower spectral frequencies which, in turn, results in a lorer signal-to-

noise in the restored data. The sections (of the o CrP scans which are at negative

latitudes are shallower, with rcspect to constant latitude lines, than those at

positive latitudes as may be seen in t.'i.u r, A3. The 11-tm map in Figure A2 more

clearly shows the change in signal-to-noise in going from negative to positive lat-

ituciei. Here the data from the ,o 'rB flight has been averaged with that fron the

bette" quality a [yr expe rime nt. but the stripingr from the o Cr}i experiment is
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WAJVELENGTH 20 MICRONS

II -

-J

I-J-

,-. I = _'I I

365 0 10 15 20 25 s
GRqLRCT IC LONGI TUDE

Figure A3. 2 0-urn Map of the Galactic Plane in the Region -0°7 < t <350. The
lowest cotour is 5 X io 1 2 W cm -2 rn - sr"1, thu next leve is 1X×10 "11 W c -

Mm-lsr- and each Succeeding Level an Increase of I X U0flVcm2 mI sr-1

(0. 5, 1, 2, 3, 35c X 0"  W cm "-  m I ar' 4 ). hecontours in the area I < 5
° are

limited to being brighter than 2 XI0 " I I W cm "  Mm' sr " I due to the increased
noise for the scans across this region. The hole in Ml7 is caused by limiting the
brightest contour to 5 X 10-10 W cm "2 Dm -1 sr 1 I

evident at negative latitudes. Sources which are relatively small in extent on either

flight, !or example the galactic center, M16, M17 and NGC 6604, are restored with

good fidelity on either flight.

Although the signal to noise of the restored measurements on the diffuse emis-

sion from the galactic plane depended on the latitude of the pole star, reasonably

good data were obtained on all the flights. Additional smoothing of the measure-

ments shown in Figures Al, A2, and A3 improved the signal-to-noise considerably.

98

,~ -,T



Appendix B

Intensity Grids at 11. 20 and 27 urn of the Galactic
Plans Between 350 and 960 Longitude

Tables B1, B2 and B3 list the 11-, 20- and 2 7 -urn intensity grids, respectively,

of the data in this longitude region after restoration, baseline correction, and the

two dimensional nonlinear smoothing. The format is the same for all three tables;

the longitude increases from left to right, latitude increases from -40 to +40 from

the bottom to the top of the page. Every even degree in latitude and longitude is

labele2. The intensity values are in units of 10 - 11 W cm -2 )m - 1 sr - 1 and are

listed every 0.1 in longitude and latitude. The spatial resolution of these measure-

ments are of the order of 0o?5 in latitude and O8 in longitude with sources smaller

than 0o?2 in extent being eliminated in the data processing. Blank areas are either

regions not scanned by the experiments, outside the limits adopted for the source

or were created when two or more adjacent channels were eliminated due to non-

linear effects such as saturation.

The data used to compile the intensity grids were also used to generate con-

tour maps which have the same resolution as the tables. Figure BI shows the

ll-jim contour map, Figure B2 the 20-um map and Figure B3 the 27-urm measure-

ments. The effects of the a CrB (b - 53?75) is apparent as stripihg at negative

latitudes between 450 and 650 longitude.
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Appendix C

Diffuse 11- and 20-/im Measurements Along the Galactic

Plane Between 1000 and 2400 Longitude

No diffuse emission directly associated with the galactic background was ob-

served at these longitudes. Further, the HII regions were observed to be of low

surface brightness, for the most part, and reasonably well separated. The con-

fusion and arbiguity in the contour plots are not as much of a problem in this

region as for other longitudes. Consequently, the intensity grids do not add much

more information than the high resolution plots and were deleted in the interest of

saving space.

The 11-and 2 0 -pim contour plots of the restored measurements before averaging

over a circular aperture is shown in Figures Cl and C2 for the longitudes between

1000 and 170o and in Figures C3 and C4, respectively, for the region between 1950

and 245o+ longitude.
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WAVELENGTH II MICRONS

C i

77
0 V0

0oil 105 ;IC 115 220 125 130 135 140 145 ISO 15$ 160 165 I'T

GRILPCTIC LONGITU!DE

Figure Cl. The il-pm Contour Map Beween 00 ° nd 170' Longitude. Contur

leves are 1, 2, t, 6 and 8 X 10-
1 W cm - 2 Wm sr- with the peak of 8 X 10-J- W

cm- 1irn - sr centered on the W3 complex at f - 1340 and b - +10. Resolution
is about 0.5 in latitude and 0o?8 in longitude with sources smaller than 0o2 across
being eliminated

WAVELENGTH 20 MICRONS

I 8

0,

0

o 'O : 2 Ii 7 I 011 i: I 1 141 I5, 1 1 A,5 170

Figure C2. The 20-pm Contour Map Between 1000 and 1750 ongitude. Contour

levels are 0. 5, 1, 2, 3, 4, 5 and 6 X 101 1 Wocm-2 m - 1 sr- with the highest

level at the W3 complex. The resolution is 0.4 by 0.7 in latitude and longitude
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WAVELENGTH 11 MICRONS

L0

I, 24C

C,->• , ,

Figure C3. The I -,ur Map Between 1950 and 240' Longitude. Contour levels are
1, 2 and 4 X< 10 - 11 W cm-2pin - l sr - 1. The peak emission occurs in the NGC 2244
complex, i - 2070 and b -2 , although scans across NGC 2244 itself and NGC
2264 were eliminated due to telemetry problems. The spatial resolution is of the
o~rder of 0. 5 by 0.8 in latitude and longitude, respectively

I L!
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1 9g 5 0 0 2 0 5 2 1 2 b L 1 2 03 0 2 5 2 4 0

CA IL A CT I C t- J]NG I T LJDE

Figure C4. The 20-pm Map of the Region Between 195 °0 ana 242D CLongitude Alqnr
the Galactic Plane. Contour levels are O. 5, 1 and 2 X 10 - 1 1 W cm - 2 im 1 sr -
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Appendix D

Intensity Grids in the 11-, 20- and 27-Mum Spectral Bands

Covering the Regions 2800 < I < 3200, 1 b 40

The grids of the intensities in this region are given in Table DI for ll-Mm

observations; Table D2 for the 20-prm values and Table D3 for the 2 7 -pm data.

The f& rmat is the same as for the grids in the other Appendices; longitude in-

creases across the oage and latitude decreases down the page with every degree

labeled in each coordinate. Blank streaks through the data are due to two or more

missing adjacent channels. Blank entries are also listed external to the assumed

limits of the source.

Figure Dl shows the l1-um contour map generated from the same data base

used for Table Dl. The 20 and 27-um iso-intensity plots are shown in Figures D2

and D3, respectively.
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Figure D1. ll-pni Contour Map. 0 Iso-intensity map of the I11-jim measurements
along the galactic plane from 280 to 320 longitude ps ing thej~ame data base as
Table D1. Lowest and outermost contour is 1 X10- 1 W cm Mimn sr-1, next
contour brightness is 2 X 10-11 W cm-2 Pm- sr-1 with each succeeding level
beini an increase of 2 X 10-11 W cm-2 pim-, sr-1 ; that is, 1, 2, 4, 6, .. X 10-11 W
cm- im -1 sr'l
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Figure D2. 20- jm Contour Map. The iso-intensity map of the 20-0m data used

for, Table D2 along the galactic Tlane from 2800 < I < 3200. LowNest contour value

is set at 5 X 10I w cm
- 2 

Pm
- 

sr
- I

, the next b righter levi. I ,\ 10-11 W cm
-2

-1 sr
-
1 with each succeeding level being an increase (of i 10

-
i W cm

-2 
um
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sr-
1

; that is, 0.5, 1,2,3,4.... X 10-11 W cm
-2 Pm

- 1 sr-1
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Figure D3. 27-pnm Contour Nap. Iso-intensity plot of the 27-pm measurements
used to generate Fable D3. These data span the region of 280 to 320 lQngitude
and -41 to +4 latitude. The lowest contour is set at 2. 5 X 1 0 l1 W cm" JAM-

sr
"1

, the next brightest is 5 X I0-11 W m-
2 
/am

- 
sr-
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